Repolarization response to b-adrenergic (b-AR) stimulation differs between guinea-pig and canine myocytes and, within the latter, between myocardial layers. Correlative analysis suggests that this may be due to differences in action potential (AP) contour. Here we tested whether AP contour may set the response of current and of repolarization to b-AR stimulation (10 nM isoproterenol, ISO). 
Introduction
Modulation of repolarization by catecholamines may be instrumental in adapting electrical and mechanical activity to heart rate changes. In apparent contrast with this general purpose, the response of action potential (AP) duration (APD) to catecholamines may vary across species and, within one species, among different myocardial regions. 1 Correlative analysis suggests that the direction of such response is opposite between action potentials with monotonic repolarization (e.g. guinea-pig, GP) and a "spike and dome" (S&D) morphology. 2, 3 The latter consists of a "notch" in the membrane potential trajectory at the beginning of repolarization, mainly supported by a quickly inactivating K þ current named I to . Channel mutations affecting the balance of currents in the S&D phase, as in "J-wave syndromes", 4, 5 are associated with electrical instability. It is tempting to speculate that abnormal response of repolarization to catecholamines, related to S&D abnormalities, may contribute to such instability. The trajectory of membrane potential, or "AP contour", results from feed-back interplay between membrane current and membrane potential. Therefore, the correlation between S&D magnitude and APD response to catecholamines suggests that the two aspects might be causally related, 3 an hypothesis never directly tested.
The aim of this work is to clarify whether the AP contour, the presence of the S&D in particular, may affect membrane current and repolarization response to b-adrenergic stimulation in a direction suitable to explain the multiplicity of behaviors observed. While measurement of changes in the membrane current (by AP-clamp) confirms the hypothesis, analysis of S&D impact on APD response under "closed-loop conditions" (by dynamic-clamp, DC) suggests that secondary changes in plateau voltage are also involved in the observed responses.
Methods
The present investigation conforms to the Guide to the Care and Use of Laboratory Animals published by the US National Institutes of Health (8 th edition) and to the guidelines for Animal Care endorsed by the Universities of Milano -Bicocca and Debrecen. Furthermore, experiments and data reporting were also compliant to the ARRIVE guideline.
Myocyte isolation and recording apparatus
Adult Dunkin-Hartley GP (24 animals, body weight 300 g, Harlan Sprague Dawley Inc., Indianapolis, IN, USA) were anesthetized by 100 mg/Kg sodium thiopental (Sigma Aldrich, St. Louis, MO, USA) and euthanized by cervical dislocation. Ventricular myocytes were isolated by using a retrograde coronary perfusion method previously published, 6 with minor modifications. Isolated myocytes were resuspended in 2.5 mM CaCl 2 Tyrode's solution containing (mM): 144 NaCl, 5.6 KCl, 2.5 CaCl 2 , 1.2 MgCl 2 , 5 HEPES and 11 D-glucose, adjusted to pH 7.4 with NaOH, and stored at þ4 C until use. Rod-shaped, Ca 2þ -tolerant myocytes were used within 12 hours from dissociation. Measurements were performed only in quiescent cardiomyocytes with clear-cut striations.
Adult beagle dogs of either sex (16 animals) were anesthetized with intramuscular injections of 10 mg/Kg ketamine hydrochloride (Calypsol, Richter Gedeon, Budapest, Hungary) þ 1 mg/Kg xylazine hydrochloride (Sedaxylan, Eurovet Animal Health bv, Bladel, The Netherlands). Canine ventricular myocytes were dissociated by enzymatic dispersion using the segment perfusion technique, following a previously published protocol. 3 The Ca 2þ concentration was gradually restored to 2.5 mM and the cells were stored in Minimum Essential Medium until use. Myocytes in suspension were placed in a 35 mm Petri dish, with a plastic ring to reduce total volume to approximately 1 mL. The dish was perfused at 2 mL/min with Tyrode's solution. The cell under study was held within 300 lm from the tip (1 mm) of a thermostated manifold pipette allowing a rapid switch between solutions (measured equilibration time shorter than 2 s). The solution temperature was monitored at the pipette tip with a fastresponse digital thermometer (BAT-12, Physitemp, Clifton, NJ, USA) and kept at 36.5 ± 0.5 C.
Membrane potential and current measurements
Measurements were performed by the patch-clamp technique in the whole-cell configuration. Electrodes with a tip resistance between 1.5 and 2 MX were pulled from borosilicate glass pipettes. 
I-clamp experiments
GP, dog subepicardial (DEPI) and dog subendocardial (DENDO) myocytes were paced (through the pipette) at cycle lengths (CLs) of 500 ms and 2000 ms. APs were recorded in the current-clamp (I-clamp) configuration before and during steady-state exposure to 10 nM ISO. APD was measured at 90% of repolarization (APD 90 ); the voltage at which repolarization ensued (V pl ) was measured at 30 ms of repolarization after the peak of phase 0. Average AP waveforms were obtained from at least 7 cells for each group after normalizing each record time-scale to APD 90 .
AP clamp experiments
Average GP, DEPI and DENDO waveforms were applied in V-clamp mode, at the relevant CLs, in GP, DEPI and DENDO myocytes. To selectively test the influence of AP contour, diastolic intervals (DIs) were kept constant within each CL by adjusting the latter to accommodate APD changes; accordingly, in AP-clamp experiments, DIs of 1750 and 300 ms correspond to CLs of 2000 ms and 500 ms respectively. At steadystate stimulation, 10 nM ISO was applied and ISO-induced current (I ISO ) was evaluated by subtraction (I in ISO -I in control). 7, 8 The inward (-I ISO ) and outward (þI ISO ) I ISO components were separately quantified by their average value ( Ð I*dt/Dt) during repolarization. According to their expected relevance to APD changes, the following parameters were considered: -I ISO and þI ISO average densities, the time to peak of the -I ISO component (TTP) and the time of I ISO reversal from inward to outward What's new?
• The response of repolarization and membrane current to b-adrenergic stimulation sharply differs between guinea-pig and canine subepicardial myocytes.
• Differences in action potential contour are pivotal in speciesspecificity of membrane current response, with "spike & dome" morphology and the level of the plateau phase being crucial factors.
• Induction of "spike & dome" morphology (by dynamic clamp) in guinea-pig action potential failed to affect the response of action potential duration to b-adrenergic stimulation. This suggests that, under "closed loop" conditions, this feature alone is not adequate to account for species difference in modulation of action potential duration.
(t rev ). In order to refer TTP and t rev to the repolarization phase, as opposed to the absolute APD, these parameters were expressed as % of APD.
Dynamic clamp
GP myocytes express I to to a minor extent. 9 A modelled I to , suitable to reproduce the canine S&D, was injected into GP myocytes by the DC technique. 5, 10 In brief, the I to component of a canine numerical model 11 was used; model parameters were adjusted to reproduce, in GP myocytes, the S&D profile observed in DEPI myocytes. I to was computed from the recorded AP and injected by using the Real-Time eXperiment Interface (RTXI 12 ), connected to the Axon amplifier through a separate A/D converter board (BNC-2120, National Instruments, Austin, TX, USA).
Chemicals
ISO was dissolved in MilliQ water to obtain a 10 mM stock; 0.5 mM L-ascorbic acid was added to prevent drug oxidation. ISO 10 nM working solution was prepared by diluting the stock in Tyrode's solution. All chemicals were purchased from Sigma Aldrich, St. Louis, MO, USA.
Statistical analysis
Student's t-test or ANOVA for paired or unpaired measurements were applied as appropriate to test for significance between means of values with normal distribution; two-tailed Mann-Whitney test was used for data with non-normal distribution. For the analysis of matched samples that exhibited non-normal distribution, a two-tailed Wilcoxon matched pairs test was used. Post hoc comparison between individual means was performed by Bonferroni's or Dunn's multiple comparison tests. Data are presented as mean ± s.e.m. Statistical significance was defined as P < 0.05 (n.s., not significant). The sample size for each experiment is specified in the respective figure legend.
Results

Baseline parameters
The average membrane capacitance (C m ) was 126.4 ± 19.0 pF for GP, 126.9 ± 4.8 pF for DEPI and 124.8 ± 3.2 pF for DENDO myocytes. A clearly defined S&D morphology was present in DEPI myocytes only and less apparent at the shorter CL ( Figure 1A) .
At CL 2000 ms: the plateau potential (measured 30 ms after upstroke) was substantially more positive in GP (þ46.52± 1.23 mV; P < 0.05 vs DENDO and DEPI) than in canine myocytes and, among the latter, in DENDO than in DEPI myocytes (17.23 ± 2.27 mV vs 8.47 ± 1.4 mV; P <0.05). APD 90 was shorter (166.54 ± 11.55 ms) in GP than in DEPI (212.20 ± 8.69 ms; P < 0.05 vs GP), or DENDO (220.26 ± 10.68 ms; P < 0.05 vs GP).
At CL 500 ms: APD 90 was 154.99 ± 11.55 ms in GP, 186.01 ± 9.05 ms in DEPI and 191.05 ± 8.74 ms in DENDO myocytyes.
ISO effects on action potential (I-clamp experiments)
This set of experiments reproduced the physiological condition, in which the feedback between membrane current and potential is intact, thus leaving both primary and secondary effects contribute to the final AP contour (closed-loop condition).
The effect of ISO on AP contour was different among myocyte types ( Figure 1A , red lines).
At CL 2000 ms: ISO elevated the plateau potential in all cell types (P < 0.05), but to larger extent in DEPI myocytes (þ16.28 ± 1.59 mV) than in GP (þ4.35 ± 0.81 mV; P < 0.05 vs DEPI) or DENDO ones (þ7.54 ± 1.52 mV; P < 0.05 vs DEPI) ( Figure 1A) . In GP myocytes, ISO prolonged APD 90 (þ50.94 ± 15.77 ms; P < 0.05). ISO shortened APD 90 in DEPI myocytes (-32.68 ± 7.10 ms; P < 0.05), but not in DENDO ones (þ3.49 ± 10.70 ms, n.s.) ( Figure 1A) .
At CL 500 ms: the effects of ISO on APD 90 were qualitatively similar, but smaller than those observed at CL 2000 ms (reverse rate-dependency); ISO prolonged APD 90 in GP myocytes (þ47.12 ± 16.79 ms, P < 0.05), while shortened it in DEPI myocytes (-21.76 ± 6.61 ms, P < 0.05) and did not alter APD 90 in DENDO myocytes (-2.23 ± 8.13 ms, n.s.) ( Figure 1A ).
ISO effect on net membrane current (AP-clamp experiments)
AP-clamp experiments test the effect of AP contour on the primary modification of membrane current by ISO; as peculiar of the V-clamp mode, it does so by interrupting the feed-back between membrane current and potential (open-loop condition).
I ISO was divided in its net inward (-I ISO ) and outward (þI ISO ) components which, independently of their ionic composition, are expected to oppose and promote repolarization respectively.
Species-specificity
Species-specificity of ISO effect was tested by comparing I ISO among GP, DEPI and DENDO myocytes, clamped with the respective AP waveforms at DI of 1750 ms ( Figure 2A) ; the experiments were repeated at a DI of 300 ms under strictly uniform experimental conditions to test for rate-dependency (see Supplementary material online, Figure S1 and below). Statistics of the resulting parameters are reported in Table 1 .
In GP myocytes -I ISO was large throughout most repolarization and, as reflected by the long t rev , reversed to þI ISO only during the final repolarization phase (phase 3) ( Figure 2B ). In canine myocytes -I ISO had an early peak (short TTP), but quickly decayed to a small persistent component (smaller -I ISO density), which reversed to þI ISO early during repolarization (short t rev ), close to the transition between phases 2 and 3 ( Figure 2B ). Only minor differences in I ISO profile, mostly limited to the S&D phase, were observed between DENDO and DEPI myocytes.
AP waveform dependency
This set of experiments aims to test whether AP contour may, on its own, account for the differential effect of ISO on membrane current across different myocyte types. To this end, three AP waveforms (GP, DEPI and DENDO) were tested within each myocyte type at DI1750, at which the most dramatic differences were observed in the previous experiments. All the results are summarized in Figure 3 .
GP AP waveform: with this waveform, in canine myocytes -I ISO was substantially smaller than in GP ones (smaller -I ISO /þI ISO ratio; Figure  3B left). However, decay of the inward component during the plateau phase was relatively slow in all cell types, thus making t rev similar (Figure 3C left) ; this contrasts with the markedly different I ISO profiles observed when each cell type was clamped with its own AP ( Figure 2A) . Under the GP AP, I ISO profile was very similar between DENDO and DEPI myocytes .
Canine AP waveforms: Even if also with this waveform -I ISO was significantly larger in GP myocytes, in all cell types its profile was characterized by an initial surge, more prominent for the DEPI waveform ( Figure 3A right) , and a steep decay during the plateau phase ( Figure  3A center and right) . Thus, in all cell types, the S&D morphology was associated with a larger initial -I ISO ( Figure 3A right) which was the main feature distinguishing the current between DEPI and DENDO AP waveforms ( Figure 3A right and center) . Again, within each waveform type, all cell types had similar TTP and t rev values ( Figure 3C center and right).
In summary, across myocyte types, the GP AP profile was linked to more sustained -I ISO during the plateau phase and later I ISO reversal as compared to the canine AP profiles. S&D morphology accentuated -I ISO during the very early phase of repolarization and anticipated its reversal. Altogether, this pattern can be easily reconciled with ISO effect on AP contours described above.
Rate dependency of I ISO in GP vs canine myocytes
Reverse-rate-dependency of APD modulation is an "intrinsic" property of the system, valid for both shortening and prolongation, which does not necessarily imply rate-dependency of the currents involved. 13, 14 Nevertheless, rate-dependency of I ISO may still act as an additional factor and has been previously demonstrated in GP myocytes. 2 The set of experiments in Figure 4 , comparing DI1750 and DI300, aims to detect whether I ISO features are also rate-dependent and in a way suitable to account for amplification of ISO effect on APD 90 at longer CL, notably of opposite sign in GP and canine myocytes. At the shorter DI: in GP myocytes -I ISO decayed faster during the plateau phase ( Figure 4A left) , thus losing its late component and anticipating TTP to early repolarization; t rev was nonetheless unchanged ( Figure 4C left) . In canine myocytes, both DEPI and DENDO ones, I ISO lacked significant rate-dependency ( Figure 4A -C center and right).
To summarize, in GP myocytes rate-dependency of I ISO occurred, and could contribute to reverse rate-dependency of APD response to ISO. This was not the case for canine myocytes. 
ISO effect on modified GP action potential (dynamic clamp experiments)
The results of the above AP-clamp experiments (open-loop condition) were overall consistent with the hypothesis that the AP contour may affect repolarization response to ISO in a way contributing to account for species differences APD modulation by catecholamines. The following set of experiments aimed to test whether this conclusion may hold true also when the physiological feed-back between membrane current and potential is in place ("closed-loop" condition).
To this end, the effect of ISO was tested in GP myocytes whose AP was modified to introduce the S&D morphology, the feature of canine epicardial repolarization that previous analysis found to best correlate with the direction of APD modulation by catecholamines. 3, 14, 15 This was achieved by injection of a modelled I to -like current by DC. I to injection (DC condition, CL of 2000 ms) successfully induced an S&D profile in the AP of GP myocytes ( Figure 5A ) and slightly shortened their APD 90 (-5.65 ± 3.30%; P < 0.05) ( Figure 5A ), without significantly affecting the plateau level ( Figure 5C ). In the presence of the S&D profile, ISO increased the GP plateau potential more than under native conditions (þ8.62 ± 0.80 mV vs þ4.36 ± 0.80 mV, P < 0.05) ( Figure 5C ). Notably, a qualitatively similar, albeit larger, difference in plateau elevation by ISO was observed between DEPI and DENDO myocytes studied in standard I-clamp conditions (þ16.28 ± 1.60 mV vs 7.54 ± 1.50 mV, P < 0.05) ( Figure 5C ). In the presence of the S&D profile, ISO prolonged GP APD 90 by þ20.66 ± 1.80%, an effect unexpectedly similar to that observed in the absence of the S&D profile (þ21.38 ± 2.40%) ( Figure 5B ).
Effect of specific AP features on I ISO in GP myocytes (AP-clamp experiments)
To test whether features of the GP AP other than the S&D morphology might concur to the effect of ISO on membrane current, we returned to AP-clamp conditions. In the following experiments we compared I ISO between AP waveforms recorded, during the previous DC experiments, before and after induction of the S&D morphology.
Introduction of the S&D contour ( Figure 6A ) induced an early -I ISO transient (TTP 7.64 ± 0.34% vs 69.17 ± 11.00% of APD 90 , P < 0.05), reduced -I ISO sustained component amplitude (-2.02 ± 0.23 pA/pF vs -2.99 ± 0.32 pA/pF, P < 0.05) ( Figure 6B ) and slightly anticipated t rev (95.5 ± 1.4% vs 99.3 ± 0.9% of APD 90 , P < 0.05) ( Figure 6C) . þI ISO was Action potential contour and species differences in repolarization unaffected by the S&D contour (0.19 ± 0.05 pA/pF vs 0.16 ± 0.08 pA/ pF, n.s.). Thus, S&D contour only partially reproduced the effect of DEPI APs because, while introducing the initial -I ISO surge, it failed to reproduce the fast -I ISO decay during the plateau phase. GP repolarization also differed from that of DEPI myocytes because of a distinctly more positive (by about 30 mV) plateau phase. Thus, we tested the impact of this difference on I ISO by editing the GP waveform to shift its plateau phase by -30 mV. This modification, albeit increasing -I ISO ( Figure 6E) , successfully reproduced its fast decay during the plateau phase (TTP: 12.2 ± 3.9% of APD 90 , P < 0.05 vs GP waveform; t rev : 91.6 ± 1.2% of APD 90 , P < 0.05 vs GP waveform) ( Figure 6D ). Simulations in a GP AP model were performed to understand the mechanism of I ISO response on the shift in AP plateau level. To this end, the model was used in AP-clamp mode to reproduce the experimental conditions; I ISO and its I CaL and I Ks components were calculated under AP waveforms with the original plateau level (Ctrl AP) and after shifting it by -30 mV (-30 AP). As shown in Supplementary material online, Figure S2 , the model accurately simulated the experimentally measured I ISO profile during the control AP waveform and reproduced the acceleration of I ISO decay when the plateau level was shifted. Analysis of I ISO components (see Supplementary material online, Figure S3 ) revealed that this can be entirely attributed to a faster inactivation of I CaL , because of enhancement of both its V-and Ca 2þ -dependent components. On the other hand, at the lower plateau voltage I Ks was only marginally activated and not enhanced by ISO.
Discussion
The present results indicate that, consistent with previous hypothesis, 3 early repolarization contour deeply affects the profile of adrenergically-activated membrane current during repolarization. AP differences could explain, at least in qualitative terms, speciesspecificity of I ISO profile, which, in turn, might theoretically justify species-specificity of APD response to ISO. 2, 3 However, induction of S&D morphology alone was inadequate to alter APD response to ISO in GP myocytes.
Species-specific differences in I ISO
As previously reported, ISO prolonged APD in GP myocytes and shortened it in canine subepicardial ones. A positive shift of AP plateau occurred in both cell types, but was more prominent in canine myocytes with S&D morphology. Beside the overall balance between inward and outward components, I ISO distribution during repolarization and the phase at which it reverses from inward to outward (t rev ) might conceivably prevail in determining ISO effect on APD. Whereas a sustained inward I ISO component (as that seen in GP), is likely to reduce repolarization velocity during the entire plateau phase, "concentration" of -I ISO at its onset (like in DEPI) would elevate plateau potential with lesser direct impact on repolarization velocity. By promoting I Ks activation and reducing I CaL driving force, plateau elevation may, in turn, accelerate repolarization.
Waveform-specific differences in I ISO
Swapping AP waveforms, did not fully reproduce I ISO across myocyte types, thus pointing to species differences in the expression of ISOsensitive conductances; nevertheless, each AP waveform resulted in uniform patterns of I ISO distribution during repolarization through the different myocyte types, as also reflected by similarity of TTP and t rev ( Figure 3C) . Notably, timing of current changes during repolarization is pivotal in setting their impact on AP duration and stability. 13 Whereas under the GP AP waveform -I ISO was more or less uniformly distributed during the plateau phase, under canine ones (DEPI in particular) -I ISO peaked earlier and the time of I ISO reversal was anticipated ( Figure 3A) . These patterns are, at least qualitatively, compatible with the opposite effect of ISO on APD in GP vs DEPI myocytes ( Figure 1A ). It should be noted that I ISO incorporates the electrical counterpart of ISO modulation of intracellular Ca 2þ dynamics, a further factor likely affected by AP contour.
Rate-dependency of I ISO in different myocyte types I ISO was rate-dependent only in GP myocytes ( Figure 4A ). Thus, reverse rate-dependency of APD modulation does not necessarily imply a similar rate-dependency of current modulation. The former may result simply from non-linearity of the relationship between repolarization rate and APD, a geometrical property of general applicability, 14 which does not require rate-dependency of transmembrane current.
16-18
Open-loop vs closed-loop evaluation of ISO effects DC experiments indicate that, in contrast with its profound effect on I ISO profile, the S&D morphology alone was inadequate to affect APD response to ISO in GP myocytes ( Figure 5B) . Nevertheless, S&D induction augmented ISO-induced plateau elevation ( Figure 5C ), thus mimicking in GP myocytes the difference found between DENDO and DEPI myocytes, in which S&D is absent and present respectively. This raises the question of why ISO-induced plateau elevation was associated with APD shortening in canine, but not in GP myocytes. Previous work showed that, in canine myocytes, suppression of plateau elevation by I CaL blockade prevented ISO-induced APD shortening. This was interpreted to suggest that APD shortening may result from "secondary" recruitment of I Ks by plateau elevation. 3 While this may well be the case in canine myocytes, plateau lowering was instead required to reproduce the rapid -I ISO decay in GP ones ( Figure 6D Figure S2 ) and speed up its decay, thus changing the -I ISO profile as shown by experimental recordings. On the other hand, I Ks and its response to ISO are minimized at the lower plateau potential (see Supplementary material online, Figure  S2) ; thus, I Ks changes are unsuitable to account for the steeper decay of -I ISO under this condition. Changes of the gating variables accounting for the change in I CaL profile upon plateau lowering are illustrated in Supplementary material online, Figure S3 .
Altogether, the results of DC and AP-clamp experiments suggests that, even within GP myocytes, the combination of S&D and lower plateau potential may induce a "canine" I ISO pattern. By modulating the AP profile independently of pharmacological modulation of currents, the present findings conclusively demonstrate its importance in driving repolarization response to catecholamines. The comparison between experimental recordings and model simulations suggest that the major player in AP dependency of I ISO may be I CaL .
According to the scheme emerging from the present findings, ISOinduced APD shortening may take place when the AP contour is such as to make early I CaL large and its decay fast, the latter change being at least in part secondary to the former (more Ca 2þ -dependent inactivation). Enhancement of I CaL during early repolarization may explain the ISO-induced plateau elevation which, as suggested by previous work, 3 may then recruit more I Ks . The final response of AP contour to modulation of ion channels is indeed determined by the feed-back between membrane potential and current. Although such a feed-back might equally amplify or dampen the effect of the initial current perturbation, teleological reasoning suggests that AP contour must rather be resistant to current perturbations and numerical simulations confirm this view. 19 The observation that S&D morphology alone was inadequate to change APD response to ISO should not be over-interpreted to indicate that it may be irrelevant to adrenergic modulation of repolarization stability. Indeed, compensation of a perturbation generally occurs at the expense of functional reserve. A relevant example is provided by an altered balance between inward and outward currents during the S&D phase (as in Brugada syndrome), which imperceptibly affects APD, but makes it sensitive to otherwise uninfluential perturbations.
20,21
Limitations An attempt to shift GP plateau phase under closed-loop condition by adding a sustained outward component to the I to model in DC experiments was unsuccessful, seemingly because exogenous outward current injection was inadequate to cope with the feed-back recruitment of endogenous inward current, whose functional reserve is obviously large in GP myocytes. This made impossible to test the full pattern of AP profile differences (S&D þ lower plateau) in determining APD response to ISO under closed-loop conditions. Because of this limitation, a firm conclusion on an exclusive role of AP contour in determining APD response to ISO across different species cannot be achieved. Nonetheless, the results of open-loop experiment (i.e. I ISO behavior) and of numerical simulations suggest that AP contour at least sets conditions pivotal in determining species differences in the direction of APD modulation by b-AR stimulation.
Conclusions and relevance
The present findings demonstrate that specific features of AP contour, i.e. S&D and plateau potential, are important in setting membrane response to adrenergic stimulation. This implies that any factor affecting AP features, whether or not directly modulating catecholamine-sensitive currents, may also change repolarization response to catecholamines. This is relevant to the interpretation of arrhythmogenic mechanisms in genetic channelopathies and druginduced proarrhythmia. While AP contour appeared to be the main determinant of I ISO time-course during repolarization, differences in currents magnitude persisted and might of course contribute to species-specificity of APD response. Although reverse rate-dependency of APD response to ISO was observed in both GP and canine myocytes, I ISO was rate-dependent in GP only. Thus, non-linearity of the relationship between membrane current (/ -dV/dt) and APD 14, 18 remains as the sole mechanism suitable to account for rate-dependency of APD response in canine myocytes.
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